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OBJECTIVE AND SCOPE

The objectives of this contract are to yleld some pre-
liminary information regarding the habitability of fallout
shelters in existing buildings (similar to those marked in
the National Fallout Shelter Survey) under fire exposure, and
to provide background information regarding the feasibility
of local fire and engineering people to obtain meaningful
data from building burns. These are to be achieved by de-
signing and conducting fire tests in 3 buildings in Waukesha,
Wisconsin in cooperation with the Waukesha Fire Department and
- the State of Wisconsin. '
PROBLEM DISCUSSION -

Fire behavior in a shelter building must be examined
in a frame of reference which is different from that used for

war-time damage assessment or peace-time fire safety. For
damage assessment, one is concerned mainly with the time for
spread through structures as it affects the ability of the
fire to spread to adjacent structures. For peacetime fire
safety purposes, rate of spread and smoke production assume
great importance in terms of establishing a safe exiting
time for building occupants. In fact, building component
the building is possi-

- fire ratings imply that evacuation ofi
‘eadily available, and

ble, that organized fire fighting is 4
that adequate water supplies exist. J

For shelter considerations, th;|evacuation of the
“building is not desirable and fire fighting is limited to
that of the occupants under severe restrictions imposed by
the existence of radioactive fallout and a shortage of water.
Furthermore, for shelter safety, full building involvement
cannot be tolerated and, since population internment for the
fire duration is required, the production and movement of hot
and/or toxic gases assume major importance.
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It should be recognized that the assessmenthof'the”f

- environment within shelter spaces can be approached in two o

ways. The first is to study experimentally a large number
of shelters having various barriers in many locations within
the structures. This approach requires the collection of

 data on many fires but instrumentation could probably'be”'

_fairly simple. The second approach consists of the following“iﬁ
two step5°‘ﬂ t : e ,;uq‘u,w,u _

1. Establishing the conditions (temperature” heat

o flux, gas concentration) surrounding any shelter »

—as a function of building geomctiy,and”the_sbeltciw;dmfi;

location relative to the fire(s).

- 2, Evaluating the ability of those shelter components
forming barriers to resist the penetration of heat
and toxic gases (in terms of "leakage rates" re-
lated to the degree of degradation of the barrier).

The first step requires a certain amount of data

_ obtainable only in full-scale building fires but the second

step can be treated in the laboratory.(z) This latter
approach has the advantage that it permits systematic evalu-
ation of shelter components; the results obtained can then |
be used to interpret the performance of any combination of
these components forming a real shelter. A further advantage
of this approach is that in experimental burns, data can be
collected throughout the structure since any area can be

. assumed to be adjacent to the shelter. SRR ;#ff~ww*w'wf-w~¥wf

- In the experiments, therefore, no emphasis was placed

on designating specific areas of the building as shelters,

and in fact, only one shelter area was specified ‘ SO
DESCRIPTION OF EXPERIMENT

T — 20 e

An experimental program was conducted for determining
the production of hot and/or toxic gases and the forces and
restrictions influencing their movement throughout the
structures. The experiments were performed in three
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buildings located in the city of Waukesha, Wisconsin. The
structures presented a minimum exposure problem and were
suitable for a variety of investigations. Full cooperation
' " of the Waukesha Fire Department, the State of Wisconsin and
the Civil Defense Agency of the State of Wisconsin was
assured. In fact, the opportunity to contribute to the pro-
gram was enthusiastically received by other fire departments
in the area through Mr. W. E. Clark. Supervisor of Fire
Service Training of the State of Wisconsin, whe brought the
availability of the strurtures to the attention of OCD and
ITTRI. | o |

Due to limitations on funds and time (the land was
scheduled to be cleared by early summer, 1965) only three of
the available seventeen structures, were used for the experi-
mentations. PBuildings 1 and 2, two structures each 63 x 37
ft. and three-stories high, were of masonry and wood joist
construction; and selected portions of both were modified to
simulate fire resistive construction. In both structures,

major instrumentation was concentrated at or above the level
i of the initially ignited room. Building 3, also of masonry
and wood joist construction, 90 x 160 ft. and two-stories

i high, had a fire resistive portion, which isolated a part of
g the basement from the rest of the structure. -

% Building No. 1 ' |

3 Two experiments were conducted in Building 1. 1In

each the fire was started in a first floor room. This room
and a portion of the adjacent one were lined with gypsum
board and sheet metal to extend the period during which the
fires resembled those which would occur in a fire resistive
structure. Doors within the structure were arranged so that
if smoke and hot gases were channeled across the first floor

5? and upward through a stairwell to the third floor level.

3 External openings were protected with sheet metal curtains
extending downward to within several inches of the window
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si1ls. in the fitst experiment all doors and windows (except : ‘
in the room of origin) were tightly closed. In the second

‘experiment, a small opening was made in the door at the third

floor to permit some bulk gas flow up the stairwell. These
experiments can be considered similar to those conducted in
"Operation School Burning"(3)except that here a deliberate

‘attempt was made to minimize the volume available for
- dilution of the fire gases and to maximize the pressu'e

buildup in the stairwell RO , i 3
Fuel loading in the room of origin consisted of a

large wood crib (2 x 4 inch lumber) for each experiment,wuichf o

was weighed continuously during the burn. The remainder of

‘the structure was loaded with furniture to a typicel

residential condition.
Temperatures, pressures and CO and 02 concentrations

were monitored at vetious points along the path of the fire

‘gases. Gas flow was measured at the third floor door opening

in Eiperiment No. 2. Weight losses of fuels in the room of

~origin were recorded as we11 as radiant heat fluxes from the i

openings.
Building No. 2

In all its essential features, Building No. 2 was the
same as Building No. 1. One experiment was conducted in '
this building. The room of fire origin was on the second
floor, and the path for smoke and gas spread and the volume |

‘available along the path were similar to those in Building 1. | ‘i
“Again, the room of origin and a portion of the adjacent one

were lined with gypsum board and sheet metal. Also, wtndows‘
and doors were tightly closed (except in the room of origin) '
and protected where necessary. %

Fuel loading of. Building No. 2 was similar to that
used in Building No. 1, and the same kind of data was |
obtained.
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”; sidered).

Building No. 3

This structure, also of masonry and wood joist con-
struction, was two-stories high with a large attic. It was
about 90 x 160 feet and had apparently been two separate
constructions. The exterior walls and a number of interior
partitions were of brick.

Because of the large room area and velume afforded bv
a dining hall (60 x.-90 x 18 feet high), it was used to
examine the minimum water requirement for extinguishment of
fire in this size room. Upon completion of the extinguishment
experiments, the fire was allowed to rekindle and spread
throughout the structure. '

The basement area unider the newer portion had a poured
concrete ceilfnz and could be considered fire resistive.
Conditions in and around this fire resistive basement area,
designated ddring experiments as a shelter area, were
monitored during the structural burnout. The suitability of

s the basement for use as a shelter was analyzed by M. P.

Gronbeck, a qualified shelter analyst.

CONCLUSIONS
- The conclusions derived from the experiments are
listed below.
1) Oxygen depleticn in an active fire zone will be

reproduced throughout interconnecting spaces on the same or

; higher stories of a relatively '"tight" structure or

structural portion (unless very large volumes are being con-
In experiments with Buildings 1 and 2, 02 levels

as low as 5% 02 were measured.

2) CO concentration of about 75% of those in the
ctive fire zone would have existcd at the exterior of
helters removed from the fire but on the same or higher

evel. A maximum of 3.3% CO was recorded in these specific

l—'(ﬂﬂ)

experiments.
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spaces evern if fire generated pressures are not significant
" Smouldering fires ma produce significant infiltra*ion of
toxic gases by this means.

4) -Although much more data is needed on real fire
environmentsiand movement of fire gases through complex
structures, the abov conclusions lead to a further statement
that fires within a 'tight" envelope bounded in part by a
shelter cannot be tolerated and must be. extinguisheo unless
the barrier between he fire and the shelter is perfectly gas

. tight, o S
com——-§5)— In a fire|resistive construction, downward movement
0f CO will probably not occur.’ '
| _ 6) Fire gases infiltrating a shelter having otherwise
cool floor, walls, and ceiling do not significantly heat the
shelter air space and would represent a hazard'only because
of toxicity or the ignition of combustibles within the’
shelter. In Building No. 3, the CO concentration stayed
‘below 0.05% in the shelter, however, not much higher con-
centration occurred outside the shelter in this Particular
s fire. '

3) Wind pressures can drive fire gases into shelter

——— g

-y

o
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7) The external heating of walls, floor or Ceiling
' in a shelter is a significant hazard and the effects are
P 'il likely teo be long lasting because of the. large heat capacity
' of the shelter envelope. In this respect, the presence of
burning combustibles mixed with non'combustibles in direct
& 7 contact with the shelter produces long-term heating and is
particularly dangerois Ceiling temperature in the desig-

e
B

oy

nated shelter area of Building No. 3 reached 130°F which

lasted well over 24 hours for a rather moderate debris

piling. v l. T ‘ : ‘

8) Due to the cooling effect of walls and ceilings,

the temperatures of gases'moving horizontally within a

structure fall'rapidly and should not significantly degrade
, ; . s

! ’ ’
”7 RESEARCH: INSSTITUTE

B

i
}
-

S e et des e gy WMCMAC Wemmmrom o ms e e s e

CH AT g e s a1 s et T s .
- - - —— LY L L m—




barriers vhich are remote from the active fire zone. This
18 not necessarily true for vertical gas movements such as
would occur when the fire and barrier being ronsidered are
separated only by a vertical shaft,

9) Provision for complete sealing of shelter vents
to the outside may be necessary to prevent lowering of
shelter pressure by suction through the vent. When outside
conditions permit, tne vent could be used to pump air into
the shelter thus producing positive flow out through any
voids in the shelter envelope.

10) Variations in constructior, othervise considered
mincr, may have a significant effect on firebrand generation.
This subject needs further investigation. |

11) Local fire and engineering services can collect
meaningful data from building burns. They lack only guidance
toward a more detailed understanding of the non-extinguish-
ment aspects of fires and the specific interests of shelter
safety. - ' |
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ABSTRACT

Expefiments were performed in full scale buildings to
obtain information regarding the habitability of fallout
shelters in existiné buildings under fire exposure. One two-
story and two threé-story buildings of masonry and wood
joist construction wére used. The fire load of the room of
fire origin consisted of a large crib (2 x 4 inch lumber)
with thelremainder of the structufes loaded wifh furniture
typical of residential construction.

In two of the buildings, the spread.of heat, smoke
and toxic gases was monitored throughout the buildings for
fires contained within one room. In the»ofher building,
conditions (temperature, pressurc, and CO concentration)
were monitored in and around a fire-resistive basement
shelter during complete burnout of the structure. Radiant
heat fluxes emitted at window openings were measured in all
of the experiments.

Results indicate that oxygen depletion in an active
firc zone will be reproduced throughout interconnecting
- spaces. Carbon monoxide concentrations of 75 percent of
those in the active~fife zone were found at places removed
from the fire but on thé same or higher levels.

For these.buildings, wind-induced pressure differcnces
were greater than fire-induced pressure differences and thus
would have had greater effect on the infiltration of fife
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gases through shelter bérriers. The long lasting effects of
debris fires in contact with the shelter were.found to pro-

duce dangerous heating of the shelter.

In addition to other pertinent observations, the
expériments have also demonstrated that local fire and .
engineering services, if given proper guidance, can collect

heaningful data from building burns.
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PREFACE

This is the final report on Contract No. N228(62479)68355,
T. 0. 64-200(36), OCD No. 1133C (IITRI Project No. M6121),
"Shelter Habitability in Existing Buildings under Fire Exposuce'.
The program is sponsored by the Department of the Army, Office
of tﬁeVSecrétary bf the Army, Office of Civil Defense, through
the U. S. Naval Radiological Defense Laboratory. The contract
was initiated in April, 1965. . N

IIT Research Institufe personnelf who contributed to the
program include D. Carter, J. Marolda, “K J. Murphy, F. Salzbérg,
F. J. Vodvarka and T. E. Waﬁerman. , E
Consultants were Professor M. P. Gronbeck of the Wiscogsin
State College and Institute of Tecﬁnology (a quaiified shelter
analyst), Chief C. Rule of the Greenfield, Wisconsin, Fire
Department and Chief J. Pavlik of the West Milwaukee Fire
Department.
| Special thanks go to Mr. W. E. 91ark, Supervisor of Fife
Service Trainiﬁg, Wisconsin State Boar&=of Vocational and Adult
~ Education who brought the évailability of the structures to
our attention. He also coordinated the fire protection during
all tests, and supervised the extinguishment'experiments described
in Appendix B. We also wish to express our appreciation to
the City of Waukesha, Wisconsin, for providing the buildings.!

Close cooperation was received from all city departments; in

particular, Chief E. Downie and the Waukesha firemen provided

l
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| invaluable service both during the burns and throughout the
period of building preparation and instrumentation.

- - TN Respectfuliy submitted
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1. INTRODUCTION

It is well recognized that knowledge of free-burning fires
has not kept pace with the rapid development of other branches
of science. Motivated by an awareness of the enormous fire-
starting capabilities of high yield nuclear weapons, numerous
projects have been initiated in the field of free-burning fires
to provide the data necessary to design defenses for urban areas
against fires from nuclear bursts. Such studies can be génerally
classed as peftaining to 1) the environmeni'created by free-
burning fires, 2) their spread within and between structures,
and 3) their suppression.

Each topic enters into planning of fire defenses. For
example, the life hazard to shelter occupants from adjacent fires
will depend on the resistance of barriers to heat, and~the flow
and type of combustion products. The magnitude of the pressures,
temperatures and gas concentrations existing on the fire side
of these barriers is a result of a complex interplay between
the fire and the structure. Most of the topics listed above
have been considered in the past. However, in many cases, Fhe
information obtained was only preliminary in nature. Since
experiments with free-burning fires are expensive, much of
the data was obtained from model fires. Before such information
is accepted, portions of it must bhe verified by full-scaie
studies. Furthermore, in some areas, such as the study of

heat and gas flow throughout structures, more information on
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real structures under fire conditions is needed to properly
design the laboratory procedures for detailed study.

Every year, for oné reason or another, numerous
structures are intentionally destroyed and often these structures

are in excellent condition for the performance of fire experiments.

All that need be added is the prdﬁéfly'pléﬁﬁé&mfﬁli:géale experi-'
hent which will result in useful data commensurate with the

expended funds. This planhinglincludes 1) the selection of

the experiment(s) considering the type and condition of the
structure, and 2) the assistance to be rendered by the local
fire services. The latter is of great importance sinée the fire
services represent a gréup of interesﬁed participants whose
services.can be utilized to greatly increase the quantity of
information obtained. In fact, it is reasﬁnablevto consider that

certain experiments could be conducted by local fire and engi-

neering people operating with the aid of a prepared 'guide" or

"design manual' for fire experiments.
An opporfunity to gain insight into all the preceding

aspects of full-scale fire experiments presented intself in the .

city of Waukesha, Wisconsin, during the fall of 1964. A complex

of 17 structures, ranging from 60 x 80 ft. to 90 x 155 ft., two
and three stories high, were destined for destruction. These

were of masonry and wood joist construction, except for a portion
of one structuré which was fire resistive. The structures

presented a minimum exposure problem and were suitable for a
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variety of investigations. Full cooperation of the Waukesha
Fire Department, the State of Wisconsin and the Civil Defense
Agency of the State of Wisconsin was assured. In fact, the
~opportunity to contribute to the program was enthusiastically
received by other fire departments in the area through Mr.
W. E. Clark, Supervisor of Fire Service Training of the S:ate
of Wisconsin, who brougﬁt the availability of the structures
to the attention of OCD and IITRI.

~Due to limitations on funds and time (the.land was
scheduled to be cleared by early summer 1965) all seventeen
structures éould‘not be considered, and three structures were
reserved for experimentation under OCD work unit 1133C. The
main objeétives were to obtain preliminary information regarding
the habitability of fallout shelters in existing buildings
under fire exposure and to provide background information con-
cerning the feasibility of using 1ocal-fire'servicesAand
engineering people to obtain data from building burns.

II. SHELTER FIRE PROBLEMS

A. Differences from the Peacetime Situation

" Fire behavior in a shelter building must be examined
in a frame of reference which is different from that used for
war-time damage assessment or peacetime fire safety. For
damage assessment, one is concerned mainly with the time for
spread through structures as it affects the ability.of the fire

to spread to adjacent structures. For peacetime fire safcety
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purposes, rate of-spread and smoke production assume'great
importance in’terms of establishing a safe exiting time for
the building popplation. In‘fact, building component fire
ratings imply that evacuation of the building is possible,

that organized fire fighting is readily available, and that

uradequate water supplies exist. For shelter considerations,

the evacuation of the building is not desirable add fire

fighting is limited to that of the occupants under severe

restrictions imposed by the existence of radioactive fallout

and a shortage of water. Furthermore, for shelter safety, full
building involvement cannot be tolerated and, since population
internment for the fire duration is required, the production

and movement of hot and/or toxic gases assume major importance.

B. Characteristics of Existing Shelters

Based on a survey of a selected number of representative

shelter buildings, Varley and Maatman (1) summarized characterist

- of the shelter buildings as follows:

- v .

1. Fire resistive construction will be prevalent,

.althoughvsome unprotected steel and masonry wood

opénings will generally be enclosed, but enclosures
may be lacking in some localitiéé.

2.‘ The normal occupancies of most shelter buildings
will consist of those types generally found in

" commercial and public buildings.

111 RESEARCH INSIITUTE
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3. Signifiéant numbers of portable extinguishers are
to be found in a majority of buildings. Standpipe
and hose installations are less often available.
Automatic sprinkler systems are found for the most
part only in particular typés of occupancies.

4. Generally, fewer shelter areas will be found above-
‘ground than below ground. However, the majority
of the shelter poﬁulation will be in above ground
shelters. |

Based on these findings and the considerations given

earlier, the emphasis of the experimental program was placed on
evaluation of the production of hot and/or toxic gases and the
forces 9nd restrictions influencing theirimovement throughout
the str@ctures. Those pértions of the fire behavior resembling
fires iﬁ a fire-resistive structure were considered to be of
prime ihterest, and building modifications were undertaken

to prolong this period of the fire development. The fact that
a large portiop of the sheltered population could be in above-
ground;shelters (due to a higher permissible occupant density
in thege sheltérs) led to consideration of situations where

the fire was on the same or a lower Ievei than the shelter.

C. EAsseSSment of Shelter Habitability

i1t should be recognized that the assessment of the
environment within shelter spaces can be approaches in two
ways. ?The first is to study experimentally a large number of

shelters having various barriers in many locations within
Ml RESEARCH INtIITUTE




the structures. This approach requires the collection of data

on many fires but instrumenﬁation could probably be fairly

simple. The second approach consists of the following two

steps:

1. Establishing the conditions (temperature, heat flux,
gas concentration) surrdunding any shelter as a
function of building geometry and the shelter

- location relative to the fire(s).

2. Evaluating the ability of those shelter componégféf

forming barriers to resist the penetration of heat
and toxic gases (in terms of "leakage rates" related
'to the degree of degradation of the barrier).'

The first}step requirés a certain amount of daté
.obtainable only in full-scale building fireé but the second
step can be treated in theklaboratorygz)This latter abproach
has the advantége that it permits systematic evaluation of
shelter components; the results obtained can then be used to
interpret the performance of any combination of these components
formjggwgwrga}mghe};?riwré further advantage of thistapprbach is
that in experimental burns,‘data can be cgiiéééé&mﬁﬂégﬁgﬁéﬁﬁﬂwmw
the structure since any area can be assumed to be adjacent to
the shelter.

- In fhe,experiments, therefore, no emphasis was placed

on designating specific arecas of the building as shelters and,

in fact, only one shelter area was specified.

i1 RESEARCH INSIITUTE

e ey .-_.—-.—W..Cb-—m‘ ~ g - e ]  — N . — e
. . i < >




-
III. EXPERIMENTS

Three structures were reserved by the city of Waukesha
for this study. Buildings 1 and 2 were of masonry and wood
'joist construction and selected portions of both were modified
to simulate fire resistive construction. In both structures,

maJor instrumentatlon was concentrated at or above the level

of the initially ignited room. Bu11ding 3, also of masonry
and wood joist construction, had a fire resistive por tion,

- which isolated a part of the basement from the rest of the
structure.

The following sections describe the structures,
modifications made, locations of instruments, and experiments
conducted in chrono1ogica1 order. Details of the instrumenta-
tion are given in Appendix A.

A. Building No. 1

Built around 1870, the structure was about 37 feet
wide by 63 feet long by 36 feet high (three storles) Tne
first floor was essentlally on 4fade The exterior walls

were of native stone ranging from 27 inches thick at the

||
ground to 21 inches thick at the/third story, supported on

a concrete footing. Some portions of the first floor were
concrete slabs wﬁile other portions were of wood joist
construction built over crawl spaces. The other floors
were constructed of 2 inch x 12 inch joists on 16 inch
centers, covered with a one-inch subfloor and oak flooring.

The majority of interior walls were load bearing

iI1] RESEARCH INSTITUTE
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brick, three courses thick on the first floor and two courses
thick above the first floor. Small attic spaces ekisted at .
either endbof the third floor but the ceiling was at roof
level in the central portion and contained a large exhaust

vent. Ceilings and walls were plastered. Window sash and

- frames, door frames, baseboards, and other trim pieces were

hardwood{

Photographe of the building are shown in Figure 1 and a

~ schematic cross-section of the building is shown in Figure 2.

" Two experiments were conducted in this Building. In: each, the

fire was started in the first floor room labeled "fire origin"

in Figure 2. This room and a portion of the adjacent one were

" lined with gypsum board and sheet metal to extend the period

during which the fires resembled those which would occur in a

fire resistive structure. Doors within the structure were

- arranged so that smoke and hot gases were channeled across

the first floor and upward through a stairwell to the third
floor level. A drop partition was placed in the middle first
floor room to restrict the gases to a twelvleoot wide segment
and this portion of the room received additional ceiling
protective covering. Cross-hatching in Figure 2 indicates the
portion of the building acting as a barrier to the smoke and
gas spread. Véxternal openings were prdtected with sheet metal
curtains extending downward to within several inches of the

sills. In the first experiment all doors and windows (except

It RESEARCH INSTITUTE
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Building No. 1 (Waukesha,
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in the room of origin) were tightly closed. In the second
experiment, a small opening was made in the door at the third
floor to permit some bulk gas flow up the stairwell. These
experiments can be considered similar to those conducted in
"Operation School Burning"(3)except that here a deliberate
attempt was made to minimize the volume available for dilution
of the fire gases and Eo maximize the pfessure buildup in the
stairwell.

Fuel loading in the.room of origin consisted of a lafge
wood crib (2 x 4 lumber) for each experiment which was weighed
during the burn. (Sée Appendix A). The remainder of the
structure was loaded with furniture to a typical residential
condition in terms of the readilf available fuels. No attempt
was made to add those fuels which become available only in
‘the later stages of the active fire such as closet contents
‘and combustibles stored in dressers, chests and cabinets.

Crib moisture content was between 9 and 12 per cent.

Temperatures, pressures.and CO and O2 concentrations
were monitored at various points along the path of the fire
gases as shown in Figure 3. Gas flow was measured at the third
fioorrdqéf opehing in Exberiment No. 2. Weight lo$sos of fuels
in the room of origin were recorded as well as radiant heat
fluxes from the openings. |

B. Building No. 2

In all its essential featurcs, Building No. 2 was the

same as Building No. 1. A schematic c¢ross scection of this

111 RESEARCH INYItTUTE
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building is shown in Figure 4. Cross hatching has been
added to Figure 4 to indicate the portions of the building
acting as a barrier to smoke and gas spread. One experiment
was conducted in this building. The room of fire origin was
on the second floor. Although it was not located above the first
floor room used in Building No. 1, the path for smoke and gas
spread and the volumes available along the path were quite
similar. Again, the room of origin and a portion of the adjacent
one were lined with gypsum board and sheet métal. Also,
windows and doors were tightly closed (except in the
room of origin) and protected where necessary. .

Figure 54show$ the locations monitored for temperature,
pressure and gas concentration. Weight losses of fuels in
the room of 6rigin and radiant flux from openings were also
recorded.

Fuei loading of Building No. 2 was similar to that
used in Building No. 1--a weighed crib in the room of origin
and typicai residential loading with real furnishings through-
out the remainder of the structure. Mbisture content of the
crib varied from 9 to 12 per cent.

C. Building No. 3

This structure, also of masonry and wood joist construction,
was two stories high with a large attic. It was about
90 x 160 feet and had apparently been twb separate constructions,
The exterior walls and a number of interior partitions were of
brick. A series of exterior photographs arc shown with a plan

Il RESEARCH INSIITUTE
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volume afforded by the dining hall (60 x 90 x 18 feet high)

T — = -

drawing in Figure 6. The auxiliary structure shown in Figure 6
was a laundry building which ignited by4radiation from Building
No. 3 during the peak of the burn. This ignition was sup-
ﬁréggéd and burnout of the laundry did not occur.

Building No. 3 contained a dining hall (first floor)
and auditorium (second floor) in the older portion (north) and
had a large kitchen with cold storage vaults (first floor), |
music rooms and classrboms (second floor ) in the newer-portion

(south). Ceilings and walls in the first and second stories

were plastefed. In addition, acoustical tile had been placed

.over the ceiling in the dining hall. Acoustical tile also had

been added to the.walls‘and ceilings’of a series of small rooms
built into the south end of the second story. Figure 7 shows
the floor plans fér'the bésement and each story. It might be
noted that in addition to some interior brick load -bearing |
walls, cast iron columns were used in the dining hall to sup-
port steél beams éarrying the load of the second floor
auditorium. The auditorium ceiling contained beams whichr'
were incorporated into a truss arrangemént in the attic as

shown in Figure 8. Because of the large room area and

it was used to examine the minimum water requirement for
extinguishment of this size room fire. Upon completion of
the extinguishment experiments, the fire was allowed to
rekindle and spfead throughout the structure.

The Basement area under the newer portion (south)

had a poured concrete ceiling and could be

20
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Second Floor Flan, rUlLLULUE e o

Hall)

P

Figure 7c.

Figure 8b. South Attic (Chimney shown forms back
wall of basement shelter)

Figure 8. Photographs of Attic Spaces
(Building No. 3, Waukesha, Wisconsin)
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considered fire resistive.
fire resistive basement areé were monitored during the
structural burnout.
Figure 9.
by M. P, Gronbeck, a qualified shelter analyst

I
}

! .

e emma Gy AER SNy S
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~follows by use of the Protection Factor Estimator.

" dimensions of the shelter, see Figure 9.) =
A review of the plans will show that a large part

from his report fOIIOW°4”"

_ REPORT ON
SIMULATED FALLOU? SHELTER
WAUKESHA BURN. -

A Waukesha, Wislgnsin
April-May, 1965

Conditions in and around this

The interior room labeled "sheltef" was analy

Excerpts

Details of the basement are included as

zed

The Waukesha burn coincidentally provided a fallput

shelter capability in one of the structures involved in
project.
shelters as set forth in publications on the current sta
the art of shelter analysis., .

Factors which guided the selection of the shelite
were (in order of importance):

1. place in bulldlng affording greatest mass bar
(thickness x mass) to protect the inhabitants
fallout radiation

2., place requiring least modification to make it

acceptable shelter consistent with OCD require
3. place providing for aciess of instrumentation,
Analysis of Shelter Selected

The protection of the shelter was calculated as
The

protection factor P. was approximately 100.

the basement area might be used as a shelter with some

111 RESEARCH lNgllTUTE
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modification of the window openings. This would consist of
closing the openings with masonry to provide for a mass
thickness of one foot of concrete. In this case, an initial
test of a shelter under fire conditions, it was felt that such
an undertaking was not warranted, and only a portion of the
basement was selected for the test. (See plans of the basement

area.)
For the purpose of this test the use of the protection

estimator was assumed to give results of sufficient accuracy.
The layout was without any structural complications calling

for greater refinement of calculations.. ... .__

The windows opposite the shelter were noted (see Figure
10) but they were assumed to have been filled with masonry.
The contribution from this source would consist of skyshine
with some ground direct, both quite insignificant in this case
in considering the geometry of the shelter layout. ,

‘In order to approximate a fire resistant door at the — -~ -
entrance to the shelter proper, the wooden door in place was
covercd with 3/8" gypsum sheetrock. This arrangement provided
for 3/4-hour fire resistance.

. Instrumentation of the shelter was completed by the
engineers and technicians of IIT Research Institute, who also
cared for the appraisal of the data assimilated during the bur:

The Waukesha burn effectively pointed up that buildings
which are to be burned may have inherent shelter potential
which may serve as test sites in order to gain knowledge of
shelter susceptibility in a fire situation. This knowledge
is vital to the natioral fallout shelter plan."

As mentioned earlier in this section, the fire was

started in the dining hall and a series of extinguishment

. experiments was conducted. The details of these experiments

are contained in Appendix B. Upbn completion of the extinguisl

~ment experiments the fire was allowed to rekindle and spread

throughout the structufe, During struétural burnqut, data
were accumulated in and around the designated shelter area.
Measurements included temperatﬁres, pressure differences,
carbon monoxide ard oxygen concentrations. Locations of
instrumentation ére shown in Figureswll and 12. 1In ad&ition,
radiation measurements were taken at several locations oh the

Il RESEARCH INVIITUTE
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Note - Basement windows were covered with
sheet metal or plaster board. to simulate

a condition in which windows are bricked-
over. The coverings remained intact through-
out structural burnout. : :

Figure 10. Windows in Basement Area Near Shelter

Building No. 3, Waukesha, Wisconsin
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_CHIMNEY B
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5 ft. level
2" below ceiling

= attached to ceilin

2" above first sto
floor

Temperature Measurement in or near

Shelter Area - Building #3 (Waukesha, Wisconsin)
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; e G4, P2 (8 it level)
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Top View - North End Shelter
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Basement Floor

Pressure Gauge Attachment for Building No. 3

. P1 P2 P3 P4

[y (Note: P4 is in open field

about 40 F; west of building)

Figure 12. Locations of Gas Sampling Points and
Pressure Taps in Building #3(Waukesha, Wisrensin)
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.resistive structure.

laundry buiiding as shown in Figure 13 as well as at a small
shed located 70 feet west of the structure.

Contents fire loadingkwas not added to major portions
of Building 3. The dining hall was loaded for the extinguish-
ment experiments. However, the remainder of the structure
contained built-in cabinetry and wood partitioning which com-
bined with the sﬁructural combustibles was estimated to |

reasonably approximate the contents load of a totally fire

IV, RESULTS
Presentation of the results of fire experiments in

simple, concise form is difficult since a small amount is

- usually learned about each of many interplaying parameters.

This problem is further complicated here because the approach
to study in Building No. 3 was different from that for Building
1 and 2. To make this presentation more orderly, therefore,
the results have been grouped according to each parameter
under'investigation and then examined for each study approach

as applicable. y

A. The Fires
1. Crib Fires - Buildings No. 1 and 2

As mentioned earlier, Buildings 1 and 2 were modified
to extend the period in which each fire was contained by the
room of origin and thus resembled fire in a fire resistive

1! RESEARCH INSTITUTE
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Radiometer #1
facing north

Radiometer #2 ‘f

facing west

L e

Radiometer #3
.~ facing west

Figure 13. Radiometers, Burn 3 (Waukesha, Wisconsin)
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structure. Wood cribs were selected for the fuel as they

represent a reproducible fire load which has a fairly constant,

easily monitored burning rate. Ventilation of the fires was
restricted to insure that CO generatlon and O2 depletlon were
sufficient to be readily monitored. Cas ccmpos1tions in
corridors and stairwells can be inferred for fires with different
outputs by relating them to the outputs of the room of fire .
origin. |

The cribs used in Buildings 1 and 2 consisted of 2 x 4"

lumber placed on a weighlng platform (described in Appendlx A)

Each crib consisted of 450 lineal feet (or 600 pounds) of lumber

placed in alternating rows of 10 ft. lengths on edge and 5 ft.

lengths laid flat as shown below.

-—2- 10' lengths used as
spacers at pivot point

\\\\ on platform suspension

I ;]\\
I / N ].;:fx

j_per_level -

A N

I V4 . AN !
' 6' x 12' Platform

Figure 1l4. Crib Arrangement for Buildings 1 and 2
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Several layers of paper wipers were placed on the platform
befo:e asgsembling the cribs. Application of JP-4 fuel to the
paper just prior to ignition produced rapid involvement of the
“entire loading.

The weight loss of crib number 1 from Building 1 is
ishown in Figure 15. The figure shows that a constant burning
.fate of 12.8 1lbs/min. was achieved about 4 minutes after
ignition and lasted at least 26 minutes. This represents a
heat release of approximately 100,000 Btu/min. Ceiling
,;temperatures near tﬁe doorway averaged about 1000°F during‘the
period of constant burning rate.

Crib 2 burned quite differently from Crib 1. As shown
in Figure 16, the-burniné rate during the first five or six
minutes of active burning was 33 lbs/min. It then decreased
somewhat so that'the average réte was 25 lbs/min between the
4th and 14th minutes. These burning rates represent heat
releases of about 264,000 Btu/%in and 200,000 Btu/min
respectively. Ceiling temperétures at the door averaged ~bout
1300°F during the peak burning period but then dropped rapidly
resulting in an average over the first 30 minutes of about
. 1000°F (similar to Burn 1). This rather drastic change of =
burning behavior. can only be attributed to the venc opened at
the top of the stairwell for Burn No. 2, The'additional air
this veﬁting permitted to reach the firé (see Figure 17)
would not account for the increased burning rate on a stoichiometric

basis. However, the location of the crib and the window opening
11T RESEARCH INSTITUTE
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Figure 15. Burning Rate of Crib No. 1, Building No. 1
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(25 x 8000 = 200,000 Btu/min)
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Figure 15. durning Rate of Crib No. 2, Buildivyr No.1l
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Figure 17. Air Flow from Stairwell Vent Experiment 2, Building 1
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was such that the‘air flow tended to be through the criB thus
overcoming, to a significant degree, the natural restriction
of the crib matrix to self-induced air flow and the high
burning rate was achieved until the fuel supply decreased.
That such was the case can be verific ' to some extent in
kthe.following manner, _Thomas(h) gives a correlation for

burning rates of ventilation-controlled fires as

R =0.678 AV h

" where R = burning'faté'(lb/min)
A = area of opening (ft2)
h = height of opening (ft.)

The constant, 0.678,'was found by Waterman et al.(s) to be
lower than values méasuredlusing furnished model rooms. Theyv
:suggest a maximum value of 1.5 for distributed fuels (as
opposed to cribs). The lower value can be attributed to the i
additional air flow restriction of most cribs even when the

general level of burning rate is being controlled by the room

openings. A relation for estimating the maximum burning rate of

]
wood in well-ventilated fires was derived fronrexamination

Tof nul U lLs llaldara fire test results on Comhuscib]es‘b) as:
R = 0.09 As |
7
where AQ = fuel surface (ft~)

The burning rate calculated according to Thomas' equation
for Burn 1 (one opening 33" wide x 31" high and two openings
33" wide x 12" high) is 11.4 lb/min (the measured rate was
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"**"runexplalned'"*fhat 1t d1d in fact “occur is ver1f1ed by the*
: temperature records, as 1s the subsequent increase in the

‘burnlng rate. The burn room was on the downwind 51de of thlsv

~at the openings; The average rate, 12.5 1b/min, compares well

- ‘around the shelter w1th the status of the fire and condltlon

of the rest‘of the building, a brief summary of the fire

‘keyed to Figure 19, a plan view of Building 3 and the adjacent

12, 8 lb/min) For the s cond buxn, calculation accordlng to lhf
the equatlon for the well ventilated fire gives a maximum rate‘f
of 3